The Savannah River Technology Center (SRTC) conducted four reflectance vicarious calibrations at Ivanpah Playa, California since July 2000 in support of the MTI satellite. The multi-year study shows temporal, spatial and spectral variability at the playa. The temporal variability in the wavelength dependent reflectance and emissivity across the playa suggests a dependency witt precipitation during the winter and early spring seasons. Satellite imagery acquired on September and November 2000, May 2001 and March 2002 in conjunction with ground truth during the September, May and March campaigns and water precipitation records were used to demonstrate the correlation observed at the playa.
INTRODUCTION
The Multispectral Thermal Imager (MTI) is a research and development satellite sponsored by the Department of Energy (DOE) for accurate water surface temperature retrieval. The MTI mission1 is to demonstrate the efficacy of highly accurate multispectral and thermal imaging for passive characterization of industrial facilities and related environmental impacts from space. The goal is to compare the information sensed by the satellite with information available directly at the cooperative sites.
The MTI satellite has 16 spectral bands in the visible (VIS), near (NIR), short-wave (SWIR), mid-wave (MWIR) and the long-wave (LWIR) infrared spectral regions. The spatial resolution ofthe spectral bands is divided into two subsets. The thermal bands are vicariously calibrated with water targets instrumented with a variety of sensors during the satellite overpass. Vicarious calibration ofthe satellite in the visible and near-infrared spectral regions is conducted at playa sites (dry lakebed) with high reflectivity and uniformity of the terrain at a high elevation. Ivanpah Playa, California was selected as a site for the vicarious calibration of the MTI satellite. Although the prime importance for the playas in the satellite calibration is the visible and near-infrared spectral regions, knowledge ofthe spectral emissivity in the 4 -l2tm provides an opportunity for soil temperature retrieval and therefore the opportunity to test the MTI algorithms to extract soil surface temperature.
A baseline of the spectral properties of Ivanpah Playa is required in order to make a meaningful assessment of the site for vicarious thermal calibrations. Reflectance and spectral emissivity were measured at the playa during four Water precipitation records were acquired from Las Vegas and Kingsman meteorological stations. The May ground truth campaigns showed a distinct spectral emissivity not seen in the other ground truth campaigns. The remotely sensed imagery in conjunction with water precipitation records and the ground truth data from the campaigns was used to suggest an explanation for the missing quartz feature from the May spectral emissivity.
EXPERIMENTAL
A 280m x 80m calibration site with high reflectance properties was selected at Ivanpah Playa prior to the calibration campaign. The primary instrument for the surface-reflectance collection is the Analytical Spectral Devices FieldSpec FR that gives a 1.4-nm spectral resolution from 350 to l000nm and 10-nm resolution for the l000nm to 2500nm spectral range. Most reflectance work during the vicarious calibration campaign was conducted with at least two FieldSpec FR instruments. The instruments were warmed-up at least ihour prior to data acquisition. The Surface reflectance measurements were conducted at the time ofthe sensor overpass. The surface reflectance from the calibration site at the playa was found by comparing radiometer measurements from the site surface to those from a diffusely reflecting panel ofknown calibrated reflectance.
The upwelling radiance across the spectral range between 350 and 2500nm was measured with the ASD spectroradiometer transported across the calibration site. A 25 degree field of view lens was attached to the fiber optic of the spectrometer. The fiber optic was held approximately 1 meter above the ground surface. The spectroradiometer collects a number of samples along a straight-line path within some fraction of the area representing an MTI pixel. Reflectance of the site was determined in each spectral channel by comparing measurements of the site to those of the calibrated panel and averaging all ofthe measurements. was attached to the FTIR spectrometer housing for temperature monitoring and control. The temperature controller maintained the FTIR spectrometer temperature within 0.2C of the selected temperature. A fan was placed inside of the spectrometer to circulate the air and to improve temperature equilibration. The instrument was warmed-up for 1 '/2hours prior to data acquisition.
The FTIR spectrometer was attached to a jack with bolts through a rubber-insulating mat for mechanical vibration reduction control. The jack with the FTIR spectrometer was attached to a garden cart as shown in figure 1 . Besides the FTIR spectrometer, Figure 1 also shows the blackbodies, battery, power inverter and computer assembled in the cart. The cart grill dimensions are O.61m x 1.22m. The cart grill is O.30m from the ground (O.25m diameter inflated tires). The air-inflated cart tires were responsible for the reduction of vibrations during the calibration site walk-around. The FTIR spectrometer window entrance was O.77m from the soil surface. A platform with a steering beam mirror made out of stainless steel rods was attached to the FTIR spectrometer front surface. The gold-coated mirror placed at 45 degrees for nadir measurements steered the soil radiance into the spectrometer.
Calibration of the FTIR spectrometer was accomplished through the use of two blackbodies held at two temperatures. The temperature of the hot blackbody was set at 58C with the aid of a temperature controller. The air temperature (30-40C during the course of the experiment) primarily determined the temperature of the cold blackbody. Two hundred fifty six spectra were co-added during the blackbody and sky background measurements. The sky background was measured with a diffuse infragold-coated plate manufactured by Labsphere. The temperature of the infragold-coated plate and the blackbodies were monitored with thermistor probe manufactured by Omega with 0.02C accuracy. The soil target radiance was measured by collecting spectra every 2 seconds in our calibration area. Approximately 20 minutes worth of data was acquired during the 15 passes at the calibration site measuring 80 x 280 m2. Figure 3 shows the GPS track during the walk around through the calibration site area. The recorded data was acquired in the following manner: 1) measure radiance of cold blackbody, 2) measure radiance of hot blackbody, 3) measure radiance of gold-coated infragold plate 4) measure soil radiance and 5) measure hot and cold blackbody radiances.
The Savannah River Technology . The campaign and site differentiation is necessary in order to compare satellite-based computed reflectance at sites without ground truth reflectance. For example, ground truth reflectance data is only available at the JS00 site during the September 2000 while satellite-based computed reflectance data is available at all sites (JSOO, MYO1, and MAO2). The same is true for the May 2001 campaign were ground truth reflectance data is available only at the MYO1 site while satellite-based computed reflectance data is available at all the site and so on. Figure 3 shows the acquisition of reflectance data with the ASD spectroradiometer. Reflectance data of the soil surface shows brightness variability at the different sites. Figure 4 shows a summary ofthe average reflectance spectra measured during the ground truth campaigns at Ivanpah Playa. The reflectance spectra, from higher to lower reflectance values, are Since ground reflectance at a given site was measured during the satellite overpass, the selection (empirical line/compute the factors and calibrate) was used to estimate ground reflectance at the playa from the wavelength dependent (spectral __________________________________________________________________ bands) TOA radiance values. Figures 5a and Sb show the computed reflectance spectra at the JSOO, MYO1 and MAO2 sites in the September image in conjunction with the average experimental reflectance spectrum measured at the JS00 site. Figure Sb is an expansion of the reflectance axis in the reflectance spectra shown in Figure 5a . The computed reflectances of the calibration sites measured from the September image follow a similar trend of the multi-year reflectance measurements shown in Figure  4 . The computed reflectance difference between the MYO1 and MAO2 sites in the 700 -l200nm spectral region was 3 reflectance units in contrast to the -10 reflectance units observed between the May and March ground truth campaigns.
The reflectance difference was probably due to the changing nature of the playa. Overall, the reflectance spectra obtained in the different ground truth campaigns have a similar shape. Wavelength (nm) Figure 5a shows the reflectance spectra derived from ENVI software and the ground truth spectrum measured at the September The thermal images are dependent on the surface temperature and emissivity. At constant emissivity, the radiance emitted in the thermal bands is proportional to the solar radiation absorption. Therefore, it is expected that surface areas with high reflectance would be cooler in the thermal band image and vice versa. The inversely dependence relationship between the band C and band N images is shown very well in measured with the mobile Fourier transform infrared spectrometer was also variable across the calibration site, variability between the L and M band regions versus the band N region was not detected. The emissivity spectrum presented in Figure 7 is the average ofthe calibration site (280m x 80m).
A 2d-scatter plot study was conducted to establish a relationship between the playa reflectance (band C) and thermal bands L, M, and N. The 2-d scatter plot of band C reflectance and band N TOA radiance in figure 1 le shows a straight line. The width in the ordinate axis is indicative of the variability of the thermal radiation emitted versus solar radiation reflected (or absorbed). The reflectance in band C is proportional to the reflectance at the other bands. As an approximation, the TOA radiance measured in band N is a function of the reflectance and emissivity. Therefore, the width of TOA radiance values for a given reflectance is indicative of low emissivity variability in the band N region. In the limit where the emissivity variability becomes high, the linear relationship in Figure 1 The results from all these sources show the importance of precipitation in the temporal, spatial, and spectral behavior ofthe playa.
